waters serve a variety of purposes such as public water supply, watering livestock, irrigation of agricultural crops, conservation of flora and fauna, recreation and lounge [15].
Introduction
Waterways pollution has worsened terribly after the construction of domestic sanitary sewage plants that dump its polluted contents into the rivers, sea, etc.
[1] The accumulation of city-generated solid waste that is washed away by the rain can also cause pollution in water bodies. The poor quality of urban sanitation and lack of public awareness have brought great damage to storm water quality [2] [3] [4] [5] Metals differ from toxic organic compounds in that they are absolutely non-degradable, so they may accumulate in the environment where their toxicity is manifested. Many studies [2] [3] [4] [5] have been developed in order to quantify metals in river water and these studies have shown that the concentrations of some metals are very high, and therefore can cause serious environmental problems regarding water and sediments [5, [10] [11] [12] [13] [14] . The main sources of contamination from these rivers are from various human activities [2] [3] [4] The Poty river, the subject of this study, has a semi-perennial watercourse that runs 550 km long. It is one of the most predominant of Parnaiba, with its origin in Joaninha Serra, in the state of Ceará. Its basin is 49,800 km², and reaches 27 municipalities, eleven of those being in the state of Ceará and 16 in Piauí. Its in September 2009 (mostly dry river), December 2009 (early rains) and March 2010 (full river). The sampling sites (Table 1) were defined according to the release of effluents into the Poty River, except for the first point (P1) where there is no effluent discharge.
The P1 point was chosen as the beginning of the urban perimeter, ie, due to having no contamination caused by effluent discharge.
In the urban area of Teresina were chosen eight collection points (Fig. 1) for sampling of water and sediments and five collection points for sampling of effluent.
The sampling sites for water and sediment samples were selected as follows: five samples (points) were collected at approximately 25 meters (before and after) at the beginning waste water collection and the other three points were selected by dividing the urban area into three regions (at the beginning, the middle and end of the collection points). For the effluent sample, there were selected five of the largest waste water samples (sewage) from the Poty River. Samples of water and effluents were collected (three samples to form a single composite sample) in polyethylene bottles and stored in a polystyrene box with ice. In the laboratory, they were filtered and preserved at ± 4 °C in a refrigerator until the time of analysis [18] The sediment samples (500 g) were obtained by collecting four single samples (depth 0-10 cm) to form a mixture of sample. All sediment samples were collected
Experimental

Solutions and reagents
The cleaning material used was initially performed with alkaline detergent solution, then washed with distilled water and left for 24h in HNO 3 solution (10% (v/v). Finally, they were rinsed with deionized water and dried.
All solutions were prepared with reagents of analytical grade (Merck, Aldrich, Fluka and Vetec) and deionized water (resistivity 18 MΩ cm -1 ) purified through the Milli-Q system (Millipore, Bedford, MA, USA).
As reference solutions, we used stock solutions of 1000 mg L -1 in acid (HNO 3 ) to Cr (lot in 14618/1), Cu (lot 207071/1), Ni (lot 207 322) and Pb (lot 207233) and Pb (lot 671063), all obtained from Fluka.
The analytical curves of metals were obtained using the diluted stock solutions prepared in advance. The calibration curves were constructed using six different concentrations.
Equipment
Dissolved oxygen and temperature were measured using a digital oximeter Alfakit model AT 140. The pH and conductivity measurements were carried out using, Instrutherm conductivity, model CD-830 and Tecnal pHmeter, model Tec-3MP.
Nitrite and nitrate were measured by colorimetric methods described in Standard Methods for the Examination of Water and Wastewater [17] using Hitachi molecular absorption spectrophotometer, model U3000.
Metals concentrations Pb, Cr, Ni and Cu, were determined using an atomic absorption spectrometometer, model SpectraAA 220FS Varian GTA 100, equipped with background correction, deuterium lamp and operating with cathode current hollow, pass spectral band and the following wavelengths: 5.0 mA, 1.0 and 217.0 nm (Pb), 7.0 mA, 0.2 and 347.9 nm (Cr), 4.0 mA, 0.2 and 232.0 nm (Ni) and 4.0 mA, 0.5 and 324.7 nm (Cu).
Procedure of sampling
Samples were collected in the Poty river in the urban area of Teresina (city founded in 1852 and -located in the central north of Piaui state and a mid-north of the Brazilian northeast, south elevation with 05'05'' and longitude 12 42 '48 42'. Samples were collected
Results and discussion
Given the great importance of the Poty River for the state of Piauí and its relevance to environmental preservation, it was necessary to monitor the same through different points. Some physical and chemical parameters and toxic metals in water and sediments were analyzed as well as some effluents released in the Poty River. The samples were collected at the same point, during three periods, comprising in periods of dry and wet precipitation.
Method Evaluation
The recovery tests have provided values for Pb, Cr, Ni and Cu equal to 97.39, 119.63, 107.21 and 113.93%, respectively. The method showed satisfactory precision due to the results having been quite close together and the variation coefficients below 9%. The acceptable range of recovery for residue analysis is usually between 70 and 120% and accurate to ± 20%. However, depending on the complexity and analytical sample, this value can be 50 to 120% and accurate to ± 15% [20] The quantification limits obtained for this method in water and effluent samples were 0.117 mg
The quantification limits to sediments samples were 0.149 mg
(Ni) and 0.024 mg L -1 (Cu).
Physical and chemical parameters
in a plastic cup and after they were sifted with a nylon sieve of 2 mm in diameter, dried in an oven for 5 h at a temperature of 65 °C. After drying, the pellet was pulverized in a porcelain mortar and sieved again in nylon sieve of 1 mm diameter [9, 19] . These sediments were stored in plastic bags and stored at room temperature until the time of sample opening to quantify metals. 
Metals Extraction and recovery test
20 mL HNO 3 and 10 mL HClO 4 (concentrated) were added to 2 g of dry sediment. The mixture was heated in a digestor at 150 °C for 2 h. After a brief cooling, 10 mL of H 2 O 2 (30%) were added slowly [18] Then the solution was filtered and diluted to 50 mL with deionized water and analyzed in triplicate by atomic absorption spectroscopy.
The method accuracy tests were made by recovery (or recovery factor) of the analyte added in the sample. These studies consisted of samples fortified with known analyte concentrations at different levels, followed by extraction of the metals using the same methodology used to extract the metals in the original samples and subsequent determination of their concentration in spiked samples.
Statistical Analysis
The significance of data obtained in this study was verify by PCA -Principal Component Analysis using the Statistical Package for Social Sciences (SPSS) software and the graphics were constructed by Origin software.
CONAMA Resolution nº 357/05 deals with the standards and criteria for water classification. Among the regulated variables are pH, dissolved oxygen, nitrate and nitrite concentration, conductivity and temperature. These variables were evaluated in samples of water and waste water and the results can be seen in Table 2 .
performed in triplicate with standard deviation ranging from ± 0.06 to ± 0.23. The results found in most water samples showed values outside the recommended legislation that establishes values greater than 4 mg L -1 to waters Class 3.
In the third and fourth collections, some samples showed an increase in the concentration of dissolved oxygen with values greater than 5 mg L -1 (value established for water class 2) [22], which may be related to the precipitation of rain in that period.
The effluent samples showed low values of DO, throughout the period of study, which was expected due to the strong presence of organic matter (food scraps, dead animals, etc.), that was clearly observed in the effluent samples, and also by the proliferation of water hyacinth (Eichornia crassipes) near the effluent. Even the samples of effluent coming from the treatment plant, P 7 E presented low values of DO. The first two collections were made in the hottest period of the year, and high temperatures can be contributed to the low DO concentrations found in these water samples [22] . Table 2 shows the physico-chemical parameters and the results to NO 3 -we can highlight the P 7 point of the second collection that has a concentration equal to 97.54 mg L -1 , due to this concentration being more than nine times the value permitted by CONAMA resolution 357/05 [25] .
The point P7 is located below the discharge of the effluent analyzed in this study that receives treatment by the water and sewage treatment company of Piaui. The effluent is subjected to aeration treatment, which oxidizes NO 2 -to NO 3 -, and in the P7E point the concentration found to NO 3 -was 79.94 mg L -1 , and this concentration may be contributing to the high nitrate concentration in the P 7 point.
With respect to NO 2 -, all water samples meet the planned legislation [22] (1 mg L -1 ) for fresh water. In relation to the effluent, the quantity found of NO 2 -at the P2E (second collection) was 38.65 mg L -1 . This concentration was expected, because high nitrite concentrations are evidence of domestic effluent release and decomposition of organic matter, so at this point a large release of organic matter (food scraps, dead animals, etc.) was observed.
Metals Analysis in samples of effluents, water and sediments collected in Poty River
The metals are considered as one of the most Both effluent samples and water samples met the CONAMA Resolution 357/05, which allows variations in pH between 5 and 9 for effluents and 6 and 9 for fresh water.
The pH measurements in water samples ranged between 6.6 and 8.0, and they are within the range considered tolerable by law. The value of pH of the point 1 sample has presented the largest at collection in the first collection, which was unexpected, since according to the Nautical Chart of the Parnaíba and Poty rivers (2002) there is no record of effluent discharges above those points that are able to make an amendment to increase the quality of that water. However, as this is a place used for entertainment, with bars and restaurants, it is probable that human actions are the main reason for this variation in pH value.
In the third collection, which corresponds to the rainy season, the water had the lowest pH values. This fact can be influenced by heavy rain and runoff causing a higher stroke of open sewers that are released in the soil of neighborhoods near the river. The heavy rain and runoff can promote the accumulation of garbage in the streets and storm drains in the long period of drought. The dilution factor must also be considered, because in this period (March) the river had the highest volume of water during the collections.
Regarding conductivity, only the samples of the third collection (in March) in the points 1-7 did not show values above that permitted by law, which considers freshwater environments impacted when presenting levels above 100 mS cm -1 (CETESB, 2009 ) [21]. The results also suggest that the effluents discharge into the Poty River is a punctual source of pollution, with conductivity 3 to 6 times higher than the values found for water samples. The effluents can be considered as the main factors for increasing the electrical conductivity of water bodies. The greatest results for conductivity in the water were found in the non-rain period.
In relation to temperature, the current legislation refers only to conditions and standards for effluent discharge. In accordance to CONAMA Resolution 397/08, the temperature of discharge should be below 40 °C, while the variation of the receiving body must not exceed 3 °C at the edge of the mixing zone. All temperatures measured were within limits considered safe for the legislation. These values are characteristic of domestic sewage, which do not use heating as the industries.
The measures of dissolved oxygen (DO) were common contaminants in water and their origin can be anthropic or natural [2, 10, 16] . The anthropogenic origin of metals can come from many contamination sources, such as effluents from recycling workshops of automobile engines and industries [2] . This study analyzed the concentrations of metals such as, Pb, Ni, Cu and Cr, found in water, wastewater and sludge from the Poty River. These results were correlated with another study done in sewage from automatic grinds, which throw the waste into the bed of the Poty River, without any prior purification [2] . Fig. 2 shows the metals analyzed and the results found are below that which is permitted by CONAMA resolution 357/05. Cr analysis was below the equipment quantification limit. These concentrations of metals found in the waters of the Poty River, according to CONAMA resolution, do not classify them as classes 1, 2 and 3. In other words, these waters can not be used for direct recreational use, neither for irrigation to vegetables that are eaten raw without removal of film. Finally, these waters are not suitable to any kind of primary contact before any pre-treatment.
The highest metal concentrations found were the samples collected in December (early rains). This fact may be related to the large amount of accumulated waste in the vicinity of the Poty River and are drawn with the rain into the river. The Pb concentration in water samples was increased from P1 to P8 ranging from 0.30 mg L -1 (P1) to 0.86 mg L -1 (P8). This increase occurs as the water river receives effluent discharges, and this fact can be called "the summation effect". This same effect was not observed in Cu and Ni concentrations, and it's showing that the concentrations of these metals do not change significantly over the Teresina urban area.
The results of metal analysis performed in the effluent samples showed that concentrations of Cu, Ni and Cr are lower than permitted by CONAMA Resolution 357/05. These results show that these metals concentrations will not cause toxicities to aquatic organisms present in the Poty River. However, concentrations of Pb from effluent collections made in December, the beginning of the rainy season in Teresina, present concentrations up to 2.4 times above the maximum allowable, thus corroborating with the results found in water samples collected in the same period. These high concentrations of Pb found in the samples collected in December indicate that various types of domestic refuse and/or industrial areas containing lead in their composition are being disposed of in an irregular way and may cause environmental and pathological damage [23] .
In general, metal concentrations analyzed in sediments, Table 3 , collected in the Poty River, were below the limit of quality established by the Company of Environmental Sanitation Technology (CETESB) [24] , except for Pb and Ni, both collections P6S point. It is noteworthy that this collection point is close to a large gallery that receives waste, without any prior treatment, from a variety of sources including a hospital. Table 3 . Concentrations of Pb, Cu, Ni and Cr in effluent samples (in mg L-1) and sediment (mg kg-1) (n = 3) in the urban area of Teresina.
metal concentrations and the period of the collections. Samples of the second collection also correlated with the second principal component, due to high concentrations of the Ni found in these samples.
Due the low levels of Pb, Cu, Ni and Cr, the first samples collections (collected in September) were located near the vertical axis of PC1, indicating a weak correlation with the same.
The samples collected in September and March were not correlated due to their location in the negative part of the component PC2 and possibly being influenced by low Ni concentration.
The samples of sediment that were collected during the rainy season (March) predominated the finest fractions (silt clay) which concentrate the highest levels of metals, because this also contributes to higher concentrations during this period. Furthermore, the metals can also be transported from remote locations because the flow rate of water is higher.
When we analyze the results shown in Figure  3 , we can observe a strong correlation between samples of water and waste water. Thus, we make a study of PCA to those samples in order to investigate correlations between them (Fig. 4) . The samples were separated into three groups depending on the season, because the groups are formed for drought periods (no rain precipitation) and wet periods. The group relative to the first collection (September) includes samples of the dry period where the river is subject to pollution sources due to effluents from Teresina. The samples of the second collection (December) stood out in another group, that corresponding the beginning of the rainy season, with some rainfall, add-
Principal Component Analysis (PCA)
The Principal Component Analysis (PCA) was done using a correlation matrix for 63 samples (water = 24, effluent = 15 and sediment = 24) with four variables (Pb, Cu, Ni and Cr). The variability of the samples was synthesized in four main components as shown in Figure 3 . The first of these components (PC1) summarized 90.89% of the original information and the second one (PC2) summarized 5.80%. The other two major components were considered variance residue because they presented a variance below then 10%. The first and the second components explained 96.69% of the data variability [25, 26] . Water and effluent samples were superimposed on the left of the PC1, indicating a strong correlation between them. The sediment samples (P1S to P8S) stood out to the right of that component, being separated into three groups according to the time of collection (period of low or high wet precipitation). The sediment samples were placed in the positive of PC1 component, and they showed strong correlation with the metals analyzed. In addition, we can observe a clear grouping separation of the samples, in accordance to the collection period.
Samples collected in December (period of low wet precipitation-P1Ss-P7Ss samples) were above the horizontal line, while those samples collected in September (period without wet precipitation-P1S p -P7S p samples) and March (period of large precipitation rainy P1St-P7St samples), stood below the horizontal line. These results show a strong correlation between the ing to the point sources, diffuse sources such as soils contaminated by metals and trash from the streets and ditches. This increase is maintained until the third gathering, held in March, the month in which the river has received large amounts of pollutants due to the heavy rainfall that happens in this period.
The metal concentrations in effluents analyzed presented near or above their concentration in samples of river water. Therefore, it is possible to suggest that the effluents are contributing significantly to the contamination of the Poty River with metals such as Pb, Ni and Cu. The study also showed that during the rainy season there is a greater contamination of the river due to the drag garbage brought by the floods accumulated on the streets during the long dry period.
Another study conducted in urban soils in the Teresina city revealed concentrations of toxic metals in eight points (gardens and avenues) near the Poty River [13] . These soils probably are carted to the River during the rainy season.
Conclusion
The results of some physico-chemical parameters showed that the water of the Poty River in the urban area of Teresina is unsuitable for activities such as direct recreational usage, irrigation of vegetables and fruits that are consumed without removal of film. The results obtained in effluent samples showed that concentrations of Cu, Ni and Cr are below the standards established by CETESB. However, Pb concentrations in samples collected at the beginning of the rainy season, showed above the maximum established by CETESB, reaching a concentration of 1.20 mg L -1 in the effluent P7E, descendant to AGESPISA treatment plant. P7E point also presented the highest concentration of NO 3 -in the samples collected in the same period. Furthermore, the effluent (P7E) presented the highest molar conductivity in all samples, ie, showing that the treatment carried out by AGESPISA is not being efficient in the removal of dissolved inorganic substances. In general, the metal concentrations analyzed in sediments are within the range considered as reference quality by CETESB. In its view, such values do not present a danger of harmful effects to organisms. PCA statistical analysis of the results obtained in this study showed the effects of seasonality, as the metal concentrations were higher in the period of heaviest rainfall due to diffuse sources of pollution displaced by the floods discharged into the Poty River.
